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具有共轭性质的 oligo (1,4-phenylene-ethynylene)s (OPEs)分子和 1,4-benzene-di(n-
alkylthiol) (BDnT)分子。这三类分子可以用三种 Simmons 模式来表示。为了揭示
理论与实验之间存在差异的原因，通过运用基于第一性原理的密度泛函理论




数关系，并且这三类分子之间的衰减因子大小顺序为：βOPEs (hollow) < βBDnT (top) < 



































































Electron transport through molecular junctions is highly important and of potential 
applications for the next generation electronics, and therefore has been widely 
investigated both experimentally and theoretically. Unfortunately, there exists 
discrepancy on the single molecular conductance between theoretical calculations and 
experimental measurements. Clarifying the origin leading to such a discrepancy is 
important to understand the electron transport in molecular electronics. In this thesis, 
we try to address the issue by studying three kinds of molecular junctions, namely 
alkanedithiols, oligo (1,4-phenylene-ethynylene)s (OPEs), and 1,4-benzene-di(n-
alkylthiol) (BDnT) which are embedded in nanogaps of gold electrodes. The three types 
of molecular junctions represent different Simmons tunneling models. First-principle 
density functional theory (DFT) combined with non-equilibrium Green’s function 
(NEGF) approach is employed and the results are analyzed from viewpoints of 
electronic structures, molecular lengths and interfacial interactions. The results are list 
below. 
(1) The conductance decrease with the molecular length increase. There exist an 
exponential relationship between them. For the three kinds of molecular wires 
investigated here, the attenuation factor has the following sequence, βOPEs (hollow) < 
βBDnT (top) < βalkanedithiols (top) ≈ βBDnT (hollow). 
(2) The present approach can accurately describe the binding interaction between 
the thiol group and gold electrode so that the conductance of alkanedithiol in a gold 
junction can be well predicted. And the conductance of molecules with short length or 
conjugated electronic structure greatly relies on the interfacial configuration. 
(3) Comparing with the theoretical and experimental results, we found that the 
DFT-NEGF method is able to well predict the Fermi level of gold. That indicate the 
present approach is able to well predict the electronic structure of gold electrodes. In 
















of electrodes and interfacial interactions. The last factor, electronic structure of central 
molecule, especially the molecular energy levels, which is one of the factors that affect 
the electron transport in two probe system, has been studied. The results implies that 
the origin of the overestimated conductance for conjugate molecules with sulfur atoms 
binding to gold electrodes is from the underestimation of HOMO-LUMO gap in the 
junction system. 
This thesis mainly contain four parts. The first part consist of the background of 
electronics, research status in both theoretical and experimental field and the purpose 
of this thesis. The second part contain the introduction of the theoretical method and 
the softwares used here. The third part is the result of these three kinds of molecular 
wires. The last part is the summary of this thesis. 
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1），其尺寸在厘米级别，一直到 2015 年 7 月，由德国、日本和美国三国科学家
在砷化铟晶体上制备了 12 个带正电的铟原子环绕着一个酞菁染料分子的晶体管，
其铟原子直径只有 0.167 nm（图 1a）[1]。英特尔创始人之一戈登·摩尔（Gordon 
Moore）提出集成电路上的元器件数目每隔 18-24 个月便会增加一倍，性能也将
提升一倍，这就是著名的摩尔定律（图 1a）[2, 3]。这揭示了信息技术的进步速度。











































图 1. （a）摩尔定律： CPU 中晶体管的个数在 1971 到 2011 年的变化。晶体管
的个数每隔 2 年增加一倍。左下图为 1947 年由 William Shockley、John Bardeen 



























Tunneling Microscope, STM）、机械可控断裂结法（Mechanically Controllable Break 
Junctions, MCBJ）和原子力显微镜法（Atomic Force Microscope, AFM）等[19-24]。 
1. 扫描隧道显微法（STM） 
扫描隧道显微镜作为测量分子电子器件输运性质最常用的方法之一，在分子
电子学领域中起着非常重要的作用。1981 年 Gerd Binnig 和 Heinrich Rohrer 在
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